Supplementary material

S.1	The SUR model
The general form of Zellner’s SUR model (Zellner, 1962, 1963; Zellner and Huang, 1962) with one regressor, as in model (1), may be set out as follows.  Let  and  denote the  vectors of observations on the th dependent variable and regressor, respectively, .  With , define  to be the  regressor matrix for the th equation, so that this equation may be written as

	,							          (S.1)

where  is a  vector containing the intercept and slope coefficients and  is the associated  vector of errors for the th equation.  A convenient way to write these  equations is in the ‘stacked’ form

						          (S.2)

or, even more concisely, as

										          (S.3)

where the definitions of , ,  and  are obvious from (S.2), their dimensions being, respectively, , ,  and .  It is assumed that  and , where  and  are the  null vector and  identity matrix respectively.  The covariance matrix of the joint error vector  is then given by

									          (S-4)

where  is the Kronecker product and, with  redesignated as ,

	

The covariance assumption in (S.4) implies that errors in different equations are correlated at a given point in time but are not correlated over time.
	The SUR estimator of  is 

			          (S.5)

with covariance matrix

				          (S.6)

In most applications  is unknown, but it may be replaced in (S.5) and (S.6) by a consistent estimator  based on the least squares residuals 

	

and which has elements 

			

			

The SUR estimator using  may be shown to be consistent and  to have a limiting normal distribution with mean  and covariance matrix , which enables hypothesis tests with conventional asymptotic distributions to be constructed.
	Suppose that, as in model (1), the same regressor appears in each equation, so that

	 	
and
 			for all 

It may then be shown (Zellner, 1962) that the SUR estimator may then be written as

									          (S.7)

i.e., as the set of ordinary least squares (OLS) estimators applied to each equation in isolation.


S.2	SUR with restrictions
Since in (1)  is a time trend, SUR estimation using (S.5) would appear to offer no improvement over equation-by-equation OLS as in (S.7).  This simplification does not hold, however, when restrictions are placed on the elements of the coefficient vector , and the imposition and testing of such (linear) restrictions is an important feature of the models considered in the paper.
	Suppose that we have a set of  linear coefficient restrictions of the form , where  is a known matrix of dimension  and  is a known vector of dimension .  For example, the ‘extended common winter trends’ model, with a full set of  monthly equations, imposes a set of restrictions on the slope coefficients, these being



with no restrictions being imposed on the intercepts.  Writing , so that  is the th row of , these restrictions may be written such that , , has  as the th element and  as the th element with zeros elsewhere, and , , has 1 as the th element and zeros elsewhere.  The vector  is simply the null vector, .
	The restricted SUR estimator is then given by 

							          (S.8)

The restricted estimator thus differs from the unrestricted estimator by the discrepancy in the fit of the restrictions scaled by a function of the precision with which the coefficients are estimated.  A test of the restrictions may be obtained on assuming that  is normally distributed.  If the null hypothesis  is true then it can be shown that, asymptotically,

					          (S.9)

and this is known as the Wald test of the restrictions, with large values of the statistic leading to a rejection of the null.

S.3	Specification tests
As noted above, the SUR and OLS estimates of the coefficient vector  will be identical when there is a common regressor.  They will also be identical if there is no common regressor, as in the restricted model discussed in S.2, but the error covariance matrix  is diagonal, i.e., if  for all  and , as shown by Zellner (1962).  A test of this hypothesis may be constructed using the residual cross-correlations

	 

Breusch and Pagan (1980) show that, under the null of a diagonal ,

	

so that large values of  will lead to a rejection of the null.
The model (1) assumes that the regressor is a linear trend.  A test of whether a quadratic trend is required may be obtained with a straightforward extension of the SUR model in Section S.1.  Define the regressor matrix of the th equation to be the  matrix  and define the associated coefficient vector to be .  Equations (S1)-(S6) then follow automatically with commensurate changes in dimensions.  We wish now to test the set of restrictions .  In the framework of section S.2, there are  restrictions, , and the th row of the  matrix  has 1 as the th element and zeros elsewhere.  The resulting test statistic, which may be denoted  and has the same form as (S.9), will be asymptotically distributed as .  In terms of model (1), defining  allows the inclusion of the putative quadratic trend.
	To test for residual autocorrelation in a SUR system we may use a multivariate portmanteau test (see, for example, Hosking, 1981).  Since we are now working explicitly within a time series framework, write the th residual vector as , , and then define , , to be the vector of residuals for the th observation.  The lag  covariance matrix of the residuals is then

	

If it is wished to test for residual autocorrelation up to the th order, then the appropriate test statistic is

	

this being asymptotically distributed as  so long as the lag order  is small relative to the sample size .  To ensure that this is the case here, and to allow the statistic to have high power given the annual frequency of the data,  is set to one, so that the statistic actually employed is .  
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Table S.1	Estimates of the system (1) for East Anglia: 1960 – 2022.  Standard errors shown in parentheses ( ); marginal significance levels in brackets [ ].
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(b) restricted

Table S.2	Estimates of the system (1) for East and North East England: 1960 – 2022.  Standard errors shown in parentheses ( ); marginal significance levels in brackets [ ].
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(b) restricted

Table S.3	Estimates of the system (1) for the Midlands: 1960 – 2022.  Standard errors shown in parentheses ( ); marginal significance levels in brackets [ ].
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(b) restricted

Table S.4	Estimates of the system (1) for South East and Central Southern England: 1960 – 2022.  Standard errors shown in parentheses ( ); marginal significance levels in brackets [ ].
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(b) restricted

Table S.5	Estimates of the system (1) for South Wales and South West England: 1960 – 2022.  Standard errors shown in parentheses ( ); marginal significance levels in brackets [ ].
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(b) restricted

Table S.6	Estimates of the system (1) for North Wales and North West England: 1960 – 2022.  Standard errors shown in parentheses ( ); marginal significance levels in brackets [ ].
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(b) restricted

Table S.7	Estimates of the system (1) for Northern Ireland: 1960 – 2022.  Standard errors shown in parentheses ( ); marginal significance levels in brackets [ ].




	: month
	
	
	
	

	1: January
	
	
	
	         

	2: February
	
	
	
	

	3: March
	
	
	
	      

	4: April
	  
	
	
	         

	5: May
	  
	 
	
	         

	6: June
	   
	
	
	

	9: September
	   
	
	
	      

	10: October
	  
	
	
	         

	11: November
	
	
	
	

	12: December
	
	
	
	



(a) unrestricted 

		

 		


	: month
	
	
	
	

	1: January
	
	
	
	         

	2: February
	
	
	
	

	3: March
	
	
	
	      

	4: April
	 
	
	
	         

	5: May
	 
	
	
	         

	6: June
	   
	
	
	

	9: September
	   
	
	
	      

	10: October
	 
	
	
	

	11: November
	
	
	
	

	12: December
	
	
	
	      



(b) restricted

Table S.8	Estimates of the system (1) for Scotland East: 1960 – 2022.  Standard errors shown in parentheses ( ); marginal significance levels in brackets [ ].
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(b) restricted

Table S.9	Estimates of the system (1) for Scotland North: 1960 – 2022.  Standard errors shown in parentheses ( ); marginal significance levels in brackets [ ].
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Table S.10	Estimates of the system (1) for Scotland West: 1960 – 2022.  Standard errors shown in parentheses ( ); marginal significance levels in brackets [ ].



